Background: Elderly patients undergoing acute gastrointestinal (GI) surgery experience increased morbidity and mortality compared with younger and elective patients. Prognostic factors can be used to counsel patients of these risks and, if modifiable, to minimize them. We reviewed the literature on prognostic factors for adverse outcomes in elderly patients undergoing acute GI surgery.
REVIEW

E
lderly patients (age ≥ 65) are the fastest growing subset of the population in industrialized countries. 1, 2 This has had an impact on the health care system as the proportion of discharged patients older than 65 has increased from 10% in 1970 to 37% in 2007. 3, 4 This trend will likely continue, as 25% of North Americans are expected to be older than 65 by 2040. 5 This changing demographic will impact the delivery of health care, including surgical care, in many ways. 6 Of particular concern to the field of general surgery is that 40% of gastrointestinal (GI) sur geries in elderly patients occurs on an acute (urgent or emergent) basis. 7 Nonelective surgery in older adults is associated with a 10-to 15-fold increase in morbidity and a 3-to 5-fold increase in mortality compared to elective surgery in this age group. [8] [9] [10] [11] Furthermore, nonelective surgery in this cohort is also associated with increased morbidity (28% v. 10%) and mortality (15.2% v. 2.5%) compared with younger cohorts 1, 2, 12 This high potential for poor outcomes has implications for patient care and autonomy as well as cost and resource planning.
Prognostic factors for perioperative morbidity and mortality are useful to clinicians and patients in several ways. 3, 4, 13 At the most basic level, prognostic factors can inform care and convey the probability of expected risks to the patients and their families. Once identified, factors associated with adverse outcomes can potentially be modified. Finally, prognostic factors can be used to inform the development of risk prediction models in order to more accurately assess risk for individual patients. To our knowledge, no previous review articles have explored prognostic factors for morbidity and mortality in this patient population. With these views in mind, the purpose of our study was to systematically review and synthesize the available evidence on prognostic factors associated with morbidity and mortality in elderly patients undergoing acute GI surgery.
METHODS
Literature search
We used a strategy developed in collaboration with an expert librarian (see the Appendix, available at canjsurg.ca) to search PubMed and Embase (all years through June 11, 2012) . Search terms (medical subject headings, Emtree headings and free text words) related to acute GI surgery, elderly patients, postoperative outcomes, risk prediction and prognosis were used with Boolean logic to identify all potentially relevant articles. No language restrictions were applied.
Search results were combined using Ref Works software version 2.0 (ProQuest), and duplicates were removed. One of us (J.S.) initially screened titles for potential relevance, and citations were excluded if they did not pertain to the study population of interest. Abstracts were independently screened for relevance by 2 of 3 reviewers (P.D., J.S., and J.B.). Full text review was then performed by 2 reviewers (J.S. and P.D.). At this stage articles were limited to those published in English or French. When there was disagreement about study selection, an attempt at consensus was made. In the rare instance that consensus could not be reached, adjudication was done by the third reviewer (J.B.). Reference lists of all included studies were searched for additional studies of potential relevance. If relevant information was unclear or missing, up to 3 attempts were made to contact the primary author and obtain the pertinent information.
Study selection
Study population
Patients aged 65 years and older who were undergoing acute GI surgery constituted the population of interest. In order to be consistent with current North American models of acute care surgery, at least 90% of the included cohorts had to have undergone GI surgery, with at least 75% of these surgeries being acute. The definition of acute surgery was any unscheduled or unplanned surgery.
Outcomes of interest
The primary outcomes of interest were postoperative morbidity and mortality. Postoperative mortality was defined as in-hospital or 30-day mortality. Morbidity was defined as any deviation from the normal postoperative course, using the classification scheme proposed by Dindo and colleagues. 5, 14 Major complications (Clavien III-IV) were defined as those requiring surgical, endoscopic or radiologic intervention and/or those requiring intensive care. Minor complications (Clavien I-II) were defined as any complication that was not major, including ileus, wound infection, the need for blood transfusion, systemic infection not requiring intensive care unit (ICU) intervention, cardiac ar rythmia or the need for parenteral nutrition. Secondary outcomes of interest were length of stay (LOS) in hospital and discharge to an institution (rehabilitation hospital, assisted living situation or nursing home).
Prognostic factors
All prognostic factors evaluated in previous studies were considered in this systematic review. Prognostic factors were classified into 3 groups for synthesis and clear presentation: patient factors, disease factors and perioperative factors. Patient factors were any underlying condition or demographic characteristic present before the acute illness (e.g., age, sex, comorbidities). Disease factors were REVUE any prognostic feature related to the acute illness (e.g., laboratory values, presence of sepsis, peritonitis, obstruction, malignancy). Perioperative factors were aspects related to the surgical admission (e.g., postoperative complications, time to surgery, need for blood transfusion, type of surgery).
Study designs
Clinical cohort studies were included if there was a longitudinal component between prognostic factor measurement and outcomes of interest, including cohort studies or randomized controlled trials (if analyzed to identify important prognostic variables). Study data could be collected prospectively or retrospectively. Selection of studies was limited to those that included multivariate analysis (studies that reported only univariate, or crude analysis were excluded).
Critical appraisal of included studies
Prognostic factor studies were categorized into 3 groups based on phase of investigation. 6, 15, 16 Phase one studies were exploratory studies in which associations between prognostic factors and outcomes were sought out. Phase 2 studies were exploratory studies based on prior hypotheses to test the association between prognostic factors and outcomes of interest. Finally, phase 3 studies were those that aimed to explain how relationships between prognostic factors influence the outcome.
Risk of bias (ROB) was assessed by 2 reviewers (J.B. and P.D.) using the Quality in Prognostic Studies (QUIPS) tool. 7, 17 The QUIPS tool examines ROB in 6 do mains: study participation, study attrition, prognostic factor measurement, outcome measurement, study confounding, and statistical analysis and presentation. Cohen's κ was used to assess inter-observer reliability for agreement on all 6 domains. Where there was disagreement about assessment of individual items and judgment about domain risk of bias, reviewers attempted to reach consensus through discussion. In the rare instance that consensus was not achieved, adjudication was done by a third reviewer (J.S.).
Data extraction
Data extraction was performed with consensus by 2 independent reviewers (P.D. and J.S.), using a standardized data extraction form (see the Appendix, available at canjsurg.ca). Extracted information included study characteristics (type of study, number of patients, type of surgery, outcomes of interest), patient characteristics (age, sex, body mass index, and comorbid conditions), and strength of association (odds ratios [OR], relative risks [RR] and hazard ratios [HR] ) between prognostic factors and outcomes of interest.
Data synthesis
When data were available, multivariate associations between prognostic factors and postoperative outcomes were synthesized. For clarity, associations were recalculated to be in the same direction, as necessary, with associations above 1 indicating a worse prognosis. Where 3 or more studies reported an association between a prognostic factor and outcome of interest, we performed random-effects generic inverse variance meta-analysis using Review Manager version 5.1 (Cochrane Collaboration). We calculated standard errors (SEs) from confidence intervals (CIs) and appropriately transformed the individual study association and SE to their natural logarithms to normalize their distributions. Heterogeneity among studies was assessed using a χ 2 test and the I 2 statistic. Heterogeneity was considered significant when the χ 2 test had a p < 0.10 or if I 2 was greater than 50%.
When meta-analysis was not possible, qualitative synthesis of studies was used to explore heterogeneity due to population source and setting, definitions of prognostic factor and outcomes. Strength of association was defined based on effect size as weak (OR < 1.5), moderate (OR 1.5-2.9) or strong (OR ≥ 3). Consistency of findings was assessed using the following schema.
• Strong evidence: consistent findings (defined as > 75% of studies showing the same direction of effect) in multiple high-quality (defined as low ROB in all domains) studies.
• Moderate evidence: consistent findings in multiple lowquality (moderate to high ROB in 4 of 6 domains) studies and/or 1 high-quality study.
• Limited evidence: 1 study.
• Conflicting evidence: inconsistent findings across studies.
• No evidence: lack of association between the prognostic factor and outcome of interest.
RESULTS
Nine studies met all of our selection criteria ( Fig. 1 ). Sixteen papers (8 Russian, 3 Japanese, 2 German, 1 Chinese, 1 Bulgarian and 1 Norwegian) were excluded as per protocol; most were published in the late 1970s and early 1980s and did not contain a multivariate analysis. Two additional studies were identified through bibliographic review of included studies; [8] [9] [10] [11] 18, 19 neither was included in the review because they did not include multivariate analyses. 22, 24 examined prognostic factors for morbidity using multivariate analysis. No included study examined the association between prognostic factors, LOS or discharge to institution. Table 2 summarizes the ROB assessment for all included studies. Inter-rater reliability was good (κ = 0.76, 95% CI 0.59-0.92). Two studies 9, 23 were prospective cohorts and the rest were retrospective. All studies were exploratory, phase 1, investigations. Most studies were of low to moderate quality. The main issues with study quality were related to prognostic factor measurement, study confounding and statistical analysis. The ROB was reported as moderate in 7 studies 9, [20] [21] [22] [23] [24] [25] owing to incomplete reporting on how prognostic factors were measured and in 5 studies 9, 20, 21, 24, 25 owing to partial reporting on confounder measurement. One study 22 was rated as having a ROB owing to partial reporting of confounder measurement and partial reporting on how adjustment was made. Finally, with respect to statistical analysis, most studies were consider ed to have a moderate ROB, as step-wise regression was used. One study received a high ROB rating as, in addition to using step-wise regression, model presentation was incomplete. 24 
Study characteristics
Study designs
Prognostic factors associated with perioperative mortality
Patient factors associated with postoperative mortality are summarized in Table 3 . Nine patient factors were investigated across studies. There is limited evidence of an association between a history of chronic obstructive pumonary disease, 23 a history of congestive heart failure, 23 dependent functional status 23 and mortality. All studies examined age as a prognostic factor. Evidence for an association between age and mortality was conflicting, as only 4 studies 9,23-25 found an association on multivariate analysis (5 studies reported negative/neutral associations with outcome). The American Society of Anesthesiologists (ASA) score was considered in 7 of 9 studies, 9,20,22,24-27 and results were also inconsistent. Three studies treated the ASA score as an ordinal variable; a pooled analysis is summarized in Fig. 2 (pooled OR 2.77, 95% CI 0.92-8. 41 ). An additional 3 studies 21,24,27 treated the ASA Score as an ordinal variable; however, they used stepwise regression and the ASA score was removed during modelling. The remaining study treated the ASA score as dichotomous, showing an association between an ASA of 3 or greater and mortality. 22 Contradictory evidence also existed for sex 9 and history of neurologic disease. 25 There is no evidence of an association between the Eastern Cooperative Oncology Group physical status and mortality.
Disease factors associated with postoperative mortality are summarized in Table 4 . A total of 11 disease factors were analyzed. There was limited evidence of an association between the physiologic component of the Physiologic and 20 Cook et al. 9 Fukuda et al. 21 Kwok et al. 23 Leong et al. 22 McGillicuddy et al. 24 M odini et al. 25 Okubo et al. 26 VaughanShaw et al. Operative Severity Score for the enumeration of Mortality and Morbidity (POSSUM) score, 21 the neutrophil to lymphocyte ratio, 27 presence of 2 or more failing organs 26 and mortality. Conflicting evidence for an association between mortality and serum creatinine, 23,24 mesenteric ischemia, 20, 23, 25 the presence of the systemic inflammatory response (SIRS) or sepsis, 9, [23] [24] [25] and metastatic disease 20, 23, 25, 26 was shown. There was no evidence of an association between the Acute Physiology and Chronic Health Evaluation-II (APACHE-II) score, 21 the operative severity component of the POSSUM score, 21 the presence of GI bleeding, 20, 23, 25 intestinal obstruction, 9, 20, 23 or the presence of peritonitis 20, 25 and mortality.
Perioperative factors associated with patient mortality are summarized in Table 5 . A total of 14 perioperative factors were considered across studies. There was moderate evidence of an association between duration of symptoms before admission and mortality. 20, 21 There was limited evidence for an association between mortality and palliative resection, 20 nontherapeutic laparotomy, 20 need for invasive monitoring, 9 need for ICU admission 9 and midline laparotomy. 27 Conflicting evidence for an association between time from admission to surgery, 20, [24] [25] [26] 
Table 4. Disease factors associated with postoperative mortality, OR (95% CI)
Disease factor Arenal et al. 20 Cook et al. 9 Fukuda et al. 21 Kwok et al. 23 McGillicuddy et al. 24 M odini et al. 25 Okubo et al. 26 VaughanShaw et al. with GI resection, 9, 20, 22, 23 suture repair of perforation, 20, 22 time from symptom onset to surgery, 20 or adequate resuscitation 9 and mortality.
Prognostic factors associated with postoperative complications
Only 2 exploratory studies 19, 21 examined potential prognostic factors for postoperative morbidity. One study 22 evaluated the association between patient age, sex, surgeons' expertise, ASA grade, hemoglobin on admission, the need for blood transfusion, duration of the operation and type of operation and postoperative morbidity. On multivariate analysis only high ASA score (≥ 3) was associated with postoperative morbidity (OR 37.29; 2.31-602.60). A second study 24 examined the association between 17 prognostic factors and the development of any postoperative complication (including pneumonia, respiratory failure, myo cardial infarction, deep venous thrombosis, pulmonary embolus and stroke). The authors used a stepwise regression model and found wound contamination (OR 3.22, 95% CI 1.55-6.67, p < 0.001), shock (OR 2.23, 95% CI 1.05-4.88, p = 0.04), chronic renal insufficiency (OR 1.47, 95% CI 1.06-2.04, p = 0.02) and time in the operating room (no OR reported as data continuous, p = 0.01) to be associated with postoperative complications.
Taken together, these studies provide limited evidence of an association between an ASA score of 3 or greater, wound contamination, shock, chronic renal insufficiency, time in the operating room and postoperative morbidity in this patient population.
DISCUSSION
As the population ages, issues related to the surgical care of elderly patients are becoming increasingly common. 20 Cook et al. 9 Fukuda et al. 21 Kwok et al. 23 Leong et al. 22 McGillicuddy et al. 24 M odini et al. 25 Okubo et al. Elderly patients may differ from younger patients in several ways, including the number and severity of comorbid conditions they have, the types of surgical problems that develop and the treatments that are offered to them. Accordingly, there has been considerable interest in risk assessment specifically for elderly patients undergoing abdominal surgery. [29] [30] [31] [32] However, currently available preoperative risk assessment tools [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] lack sufficient accuracy and reliability and often are not applicable in the acute clinical setting in this patient population. 27, 29, 30 Thus surgeons are left with very little in their armamentarium to counsel patients regarding postoperative risks and must rely on clinical judgment. 43 Better risk prediction models are needed to guide the care of older patients, particularly in areas associated with high morbidity and mortality. 44 To our knowledge, this is the first systematic review on prognostic factors associated with mortality among elderly patients undergoing acute GI surgery. A total of 34 potential prognostic factors were analyzed, and there was significant variability with regards to which factors were examined in each study. The majority of evidence suggesting an association between prognostic factors and mortality was limited or conflicting. Only age at the time of surgery, the ASA score, the presence of SIRS/sepsis, duration of symptoms before admission and postoperative complications were shown to be associated with mortality in more than 1 study. Quantitative meta-analysis was only possible for the ASA score, 9, 20, 25 and there was significant heterogeneity in effect size (I 2 = 92%).
Although there was an association between increased ASA score and postoperative mortality in elderly patients undergoing acute abdominal surgery, 3 studies, 21, 24, 27 not incorporated in the quantitative meta-analysis, did not show an association between ASA score and mortality. Given the limited number of studies available, sensitivity analysis was not possible, and the reasons for this variation are unclear. As the covariates examined across studies are not dissimilar, a possible explanation for this discrepancy is related to the study design. As all 3 studies 21, 24, 27 used step-wise regression, it is possible that the results differ due to the statistical method used, as step-wise regression techniques are very sensitive to small changes in the data and the results are highly dependent on the cohort make-up. Therefore, the true association between the ASA score and mortality in elderly patients is unclear and further research is required.
The present systematic review highlights the lack of quality research for potential prognostic factors for morbidity and mortality in this high-risk population. Importantly, none of the studies examined variables associated with postoperative LOS, postoperative quality of life, loss of independence or the need for nursing home placement. Given that many elderly patients consider quality of life to be more important than quantity of life, 45, 46 research that addresses these patient-centred outcomes is needed. This issue was highlighted in a recent quality improvement guideline for optimal preoperative assessment of geriatric surgical patients. 32 Future research evalu ating prognostic factors for perioperative outcomes in elderly patients should also include frailty, which has been associated with postoperative morbidity, postoperative LOS and loss of independence among elderly patients undergoing elective GI surgery. [47] [48] [49] Identification of prognostic factors that can be used to create predictive models may help surgeons counsel patients regarding their postoperative risks. In addition it may help to identify strategies to improve outcomes in this patient population. 44 While factors such as patient age and comorbidities are not modifiable, other factors, such as postoperative complications, might be. In addition, in trying to improve outcomes associated with emergency procedures, the potential to decrease the need for emergency surgery should be examined. Older patients with chronic conditions, such as incisional hernias or biliary tract disease, who are often managed expectantly with the hope that they might not need therapy, could be the group who benefit the most from elective surgery. With the increasing proportion of elderly patients, a better understanding of the risks and the bene fits associated with elective versus emergency surgery is needed for common existing conditions that can lead to acute events requiring urgent surgery.
CONCLUSION
The literature on prognostic factors for postoperative morbidity and mortality in elderly patients undergoing nonelective GI surgery is very limited. At present, there are no established models that can assist in predicting adverse outcomes in this group. The majority of available studies are exploratory, most evidence is of limited quality and the results are conflicting. Given the aging population and associated future need for emergency surgery in elderly patients, there is a need for high-quality research in this area.
